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虽然本课题组通过合成 DMAB 和测定它在银电极上的 SERS 谱，证明了理
论预测结果的正确性，但有些研究组仍然怀疑以前的报道。为了提出更进一步理
论和实验证据，我们提出同位素标记 SERS 证明早期报道结论。通过理论计算发
现，当 PATP 苯环上的氢被氘取代之后，其相应的 SERS 谱峰都有不同程度的位
移。因此，通过比较相应的氘代 PATP、p,p’-二巯基氘代 DMAB、吸附在银簇上



























Surface-Enhanced Raman spectroscopy (SERS) is one of the most important 
techniques in the studying of surface sciences as it has high sensitivity and can detect 
single molecule signals. By using the Surface-Enhanced Raman spectroscopy (SERS), 
we can carry on a series of studies on the structures and chemical reactions of 
molecules adsorbed on the surface of metal nanoparticles. P-Aminothiophenol (PATP) 
is one of the most important SERS probe molecules. When PATP adsorbs on the 
surface of Ag (or Au or Cu) nanoparticles, unusual Raman signals can be observed at 
~1140 cm-1, ~1390 cm-1, and ~1440 cm-1). Relevant researchers have large 
controversies on the nature of the abnormal SERS phenomenon. In previous studies, 
there reported three kinds of interpretations, such as photoinduced charge transfer 
mechanism, the benzene-benzoquinine isomerization, and charge tunnelling 
mechanism. Recently, the theoretical calculations from our research group showed 
that the nature of the unusual peaks come from the Raman signals of a new surface 
species, p,p’-Dimercaptoazobenzene (DMAB). The surface species is produced from 
surface catalytic coupling reaction of PATP adsorbed on Ag nanoparticles under the 
Raman laser irrdiation. 
Although our research group has demonstrated the conclusion from the 
theoretical and experimental evidences by synthesizing DMAB and measuring the 
SERS spectrum of DMAB adsorbed on the Ag electrode, some research groups still 
have doubt on the our reports. To demonstrate the previous reports with further 
evidences of theories and experiments, we propose further SERS evidence with 
isotopic labeled materials to testify the early reports. Our theoretical calculations 
support our mentaioned-above. Through comparing the relevant SERS spectra of 
deuterated p-Aminothiophenol (d4-PATP) and p,p’-Dimercaptoazobenzene 
(d8-DMAB) with d4-PATP and d8-DMAB adsorbed on Ag surfaces, we can 
















surface catalytic coupling reaction. 
This thesis combined with the theoretical calculation and the experimental 
studies including organic synthesis and SERS measurements of d4-PATP. With the 
relevant SERS characterizations of reactants, reaction intermediates and products such 
as p-Chloronitrobenzene (CNB), p-Nitrobenzenethiol (PNTP), PATP, deuterated 
p-Chloronitrobenzene (d4-CNB) and d8-DMAB, we find that the PATP facilely 
undergos surface catalytic coupling reaction in alkaline solution under general 
condition of acquisition SERS signals. The SERS peaks from experimental 
observation are in accord with that in theoretical calculations, where the unusual 
Raman signals should come from DMAB, a product of surface catalytic coupling 
reaction. Meanwhile, the pH value will enormously affect the photoreaction process. 
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Raman散射光的电场方向；  , fi  是某始态 i 经中间态 r 到终态 f 的极化率
张量，可以表示为[50]： 
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式中， fi 为终态和始态的能量差，  和  分别为入射和散射光跃迁算符，
为态 r 的阻尼常数。 r
式（1.1） SERSI 前半部分表明，入射与散射光的局域电场强度越大，Raman
信号强度越大，这来源于物理增强机理的贡献，通常归因于电磁场增强（EM）


















































































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
